INTRODUCTION {#sec1-1}
============

In the general population, the prevalence of addiction varies from 3 to 16%.\[[@ref1]\] Opiate abuse causes long-lasting neural changes in the brain that lead to several behavioral abnormalities associated with cognitive deficits, tolerance, and dependence.\[[@ref2]\]

Addiction is a chronic disorder that requires long-term treatment. Medications including psychosocial interventions have frequently been used to prevent relapse. These medications generally reduce drug craving and the likelihood of relapse to compulsive drug use. Nevertheless, most of these treatment methods have given unsatisfactory results until now.\[[@ref1]\]

Conditioned place preference (CPP) is a well-known method for evaluating the effects of drugs or natural products on morphine dependence.\[[@ref3][@ref4]\] In fact, in this method, the effects of the drugs on the rewarding properties of morphine are evaluated.\[[@ref3][@ref4]\]

The dopaminergic mesolimbic system that consists of ventral tegmental area (VTA), nucleus accumbens, and medial prefrontal cortex is considered to be crucial in the rewarding actions of opiates.\[[@ref5][@ref6]\] According to the results of previous studies, several neurotransmitter systems including dopamine, glutamate, acetylcholine, gamma-aminobutyric acid (GABA), histamine, and nitric oxide (NO) have been implicated in the rewarding properties of morphine.\[[@ref7]--[@ref15]\]

*Nigella sativa* L. (NS) is a grassy plant with green or blue flowers and small black seeds, which grows in different regions of southern Europe and some parts of Asia.\[[@ref16]\] The seeds of NS are the source of the active ingredients of this plant and contain 30-40% fixed oil, 0.5-1.5% essential oil with unpleasant odor, various sugars, proteins, and pharmacologically active ingredients like thymoquinone (TQ), ditimoquinone (DTQ), and nigellin.\[[@ref16]--[@ref21]\] The plant has been documented in traditional medicine as having healing power.\[[@ref22]\] It has been used in folk medicine in the Middle East and Far East for many years as a traditional remedy for a wide range of illnesses including bronchial asthma, headache, dysentery, infections, obesity, back pain, hypertension, and gastrointestinal problems.\[[@ref22]\] Finally, there is a common Islamic belief that the NS is a useful tool that has beneficial effects in all ailments except death.\[[@ref22]\]

The experimental studies have also confirmed some pharmacological effects of NS seeds and TQ. It has been reported that the extract of NS seeds and TQ have inhibitory effect on NO production and inducible NO synthase (NOS) expression.\[[@ref16][@ref23][@ref24]\] Antioxidant effects of NS and TQ in CCl4-induced oxidative injury in rat liver,\[[@ref25]\] isolated rat hepatocytes,\[[@ref26]\] hypercholesterolemic rats,\[[@ref27]\] and gentamicin-\[[@ref28]\] and cyclosporine-induced kidney injury have also been reported.\[[@ref28][@ref29]\] Hosseinzadeh *et al*.\[[@ref30]\] found that NS oil and TQ have antioxidant properties during cerebral ischemia--reperfusion injury in rat hippocampus.\[[@ref30]\] The analgesic effects of NS and its effects on tolerance to morphine also have been reported.\[[@ref31][@ref32]\] Interaction of NS or its components with the neurotransmitters such as dopamine, glutamate, acetylcholine, GABA, histamine, and NO on the rewarding properties of morphine has been reported.\[[@ref32]--[@ref35]\]

Based on the properties of NS which have been reported in traditional medicine and in experimental studies, the present study was designed to evaluate the possible effects of hydro-alcoholic extract of NS on the CPP induced by morphine in rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of the plant extract {#sec2-1}
--------------------------------

Powdered seeds (100 g) of NS were extracted in a Soxhlet extractor with ethanol (70%). The resulting extract was concentrated under reduced pressure and kept at −20°C until use (yield 32%). Before use, the NS extract was dissolved in saline.\[[@ref36]--[@ref38]\]

Animals {#sec2-2}
-------

Eighty male Wistar rats, 8 weeks old and weighing 220 ± 20 g, were obtained from the Animal Center of Mashhad University of Medical Sciences (Mashhad, Iran). Animals were kept at 22 ± 2°C and 12 h light/dark cycle on at 07:00 h. They were randomly divided into eight groups and treated according to the experimental protocol. All measurements were performed at 10:00-14:00 h. Food and water were provided *ad libitum*. Animal handling and all related procedures were carried out in accordance with Mashhad University of Medical Sciences, Ethical Committee Acts.

CPP apparatus {#sec2-3}
-------------

The CPP apparatus is a three-compartment chamber. Two main compartments of the apparatus (compartments A and B) were identical in size but differed in shading and texture. Compartment A was painted white and had a smooth floor, and compartment B was painted black and white strip and had metal grid floor. The third or small compartment was an unpainted tunnel which separated the two main compartments. During the conditioning phase, the compartments were isolated by removable partition.\[[@ref9][@ref39][@ref40]\]

Behavioral procedures {#sec2-4}
---------------------

The CPP experiment consisted of a 6-day schedule with three phases: Pre-conditioning (phase 1), conditioning (phase 2), and post-conditioning (phase 3). On day 0, the rats were allowed to move freely in the three chambers for 45 min. In the pre-conditioning phase (day 1), rats were placed in the middle of the neutral compartment area and allowed to move freely in the three compartments and the time spent in each compartment during the 15 min was recorded.

In phase 2 (days 2-4), the animals were treated with alternative injections of morphine (5 mg/kg, s.c.) and saline. On day 2, the animals received a single dose of morphine in the morning (09:00-12:00 h) and were immediately placed in compartment A for 45 min. In the afternoon (16:00-18:00 h), the animals received a single injection of saline and were placed in compartment B for 45 min. On day 3, the animals received saline injections in the morning (compartment B) and morphine in the afternoon (compartment A). The 4^th^ day of protocol was the same as that of day 2. In the saline group, the rats received saline in compartment A as well as in compartment B. In the post-conditioning phase (day 5), the barriers were removed and the rats were placed in the neutral compartment and allowed to move freely for 15 min. The time spent in each compartment was computed. Change in preference was identified as the difference (in second) between the time spent in compartment A on the pre-conditioning day and the time spent in this compartment on the post-conditioning day. This time reflects the relative rewarding properties of morphine.\[[@ref12][@ref40]\]

Experimental groups {#sec2-5}
-------------------

Rats were divided into the following groups:

Group 1 (control) animals received saline in both compartments A and B of CPP apparatusGroup 2 (morphine; Mor) animals received morphine in compartment A and saline in compartment BGroup 3 (Mor + NS 200): Morphine was injected on the conditioning days and finally 200 mg/kg of NS was injected on the post-conditioning dayGroup 4 (Mor + NS 400): Morphine was injected on the conditioning days and finally 400 mg/kg of NS was injected on the post-conditioning dayGroups 5) Mor + NS 200) animals were treated with 200 mg/kg of NS before each injection of morphine in compartment A during the conditioning phaseGroup 6 (Mor + NS 400) animals were treated with 400 mg/kg of NS before each injection of morphine in compartment A during the conditioning phaseGroup 7 (NS 200) animals were injected 200 mg/kg of the NS extract during the conditioning phase instead of morphineGroup 8 (NS 400) animals were injected 400 mg/kg of the NS extract during the conditioning phase instead of morphine.

Experimental design {#sec2-6}
-------------------

### Experiment 1: Evaluation of the effect NS extract on expression of morphine-induced CPP {#sec3-1}

To determine the effects of NS extract on the expression of the reinforcing properties of morphine, different groups of rats were injected with 200 and 400 mg/kg of the extract on the test day, 60 min before the post-conditioning phase.

Experiment 2: Evaluation of the effect of NS extract on acquisition of morphine-induced CPP {#sec2-7}
-------------------------------------------------------------------------------------------

To examine the influence of NS extract on the acquisition of morphine-induced CPP, the rats received NS extract (200 and 400 mg/kg, i.p.) or its vehicle 60 min before each morphine injection during the conditioning phase, as described above.

Experiment 3: Evaluation of the conditioning effects of NS extract {#sec2-8}
------------------------------------------------------------------

To examine the conditioning effect of NS extract, the rats received NS extract (200 or 400 mg/kg, i.p.) instead of morphine 60 min before they were placed in compartment A in the conditioning phase, as described above.

RESULTS {#sec1-3}
=======

The effects of NS extract on expression of morphine-induced CPP {#sec2-9}
---------------------------------------------------------------

Administration of morphine increased while saline decreased the difference in occupancy time in compartment A during the pre-conditioning day and the post-conditioning day. This difference in the morphine group was significantly greater than in the saline group (*P* \< 0.001) \[[Figure 1](#F1){ref-type="fig"}\]. This shows that 5 mg/kg of morphine could produce place preference. In the NS 200 + Mor and NS 400 + Mor groups (groups 3 and 4, respectively), administration of both doses of NS on the test day reduced the difference in occupancy time in compartment A during pre-conditioning and post-conditioning compared to the morphine group (*P* \< 0.05) \[[Figure 1](#F1){ref-type="fig"}\].

![The effects of NS extract on the expression of morphine-induced CPP (Rats in group 1 (control) received saline in both A and B compartments. In group 2 animals, morphine was injected in compartment A and saline in compartment B. Group 3 (Mor + NS 200) and group 4 (Mor + NS 400) animals were injected with morphine on conditioning days and finally were injected with 200 or 400 mg/kg of NS on post-conditioning day. Data are presented as mean ± SEM of the difference in time spent in compartment A between the pre-conditioning and post-conditioning phases (*n* = 10 in each group). \*\*\**P* \< 0.001 compared to the saline group; +*P* \< 0.05, ++*P*\<0.01 compared to the morphine group)](ASL-32-82-g001){#F1}

The effect of NS extract on acquisition of morphine-induced CPP {#sec2-10}
---------------------------------------------------------------

In Mor + NS 200 and Mor + NS 400 groups (groups 5 and 6, respectively), administration of either doses of NS 60 min before each morphine injection during the conditioning phase had no significant effect on the difference in occupancy time in compartment A during pre-conditioning and post-conditioning compared to the morphine group \[[Figure 2](#F2){ref-type="fig"}\].

![The effect of NS extract on acquisition of morphine-induced CPP (Mor + NS 200 and Mor + NS 400 groups were treated with 200 or 400 mg/kg of NS, respectively, before each injection of morphine in compartment A during the conditioning phase. Administration of either dose of NS 60 min before each morphine injection during the conditioning phase had no significant effect on the difference in occupancy time in compartment A during pre-conditioning and post-conditioning phases, compared to the morphine group. Data are presented as mean ± SEM of the difference in time spent in compartment A between the pre-conditioning and post-conditioning phases (*n* = 10 in each group))](ASL-32-82-g002){#F2}

Conditioning effects of NS extract {#sec2-11}
----------------------------------

As [Figure 3](#F3){ref-type="fig"} shows, 400 mg/kg of the extract results in an increase in the occupancy time in compartment A compared to saline group (*P* \< 0.01); however, 200 mg/kg of the extract was not effective.

![Conditioning effects of NS extract (Rats in the saline group received saline in both A and B compartments. The animals of NS 200 and NS 400 groups were injected with the NS extract (200 or 400 mg/kg, i.p.) during the conditioning phase, 60 min before placing them in compartment A. Data are presented as mean ± SEM of the difference in time spent in compartment A between pre-conditioning and post-conditioning phases (*n* = 10 in each group). \*\**P* \< 0.01 compared to the saline group)](ASL-32-82-g003){#F3}

DISCUSSION {#sec1-4}
==========

In the present study, the effect of NS extract on morphine-induced CPP was investigated. Our results indicated that the hydro-alcoholic extract of NS has conditioning effect and decreased expression, but has no significant effect on the acquisition of morphine CPP.

The pharmacological analysis using selective opioid receptor antagonists revealed that the block of supraspinal μ- and k-, but not б-opioid, receptor subtypes attenuated TQ antinociception in the early phase of the formalin test, while none of these receptor subtypes was implicated in the antinociceptive effect of TQ in the late phase response. There is evidence that the early phase of the response to formalin can be inhibited by stimulation of central opioid receptors, while inhibition of the late phase response involves both peripheral and central opioid receptors.\[[@ref41]\] The reversal of TQ antinociception in the early phase by Intracerebroventricular (i.c.v.) injections of μ- and k-opioid receptor antagonists suggests that the effect of TQ is at least partly mediated by stimulation of supraspinal μ- and k-opioid receptors.\[[@ref42][@ref43]\] It has also been postulated that NS oil and TQ produce antinociception in the formalin test by releasing endogenous opioid peptides in the central nervous system, and cause antinociceptive tolerance following repeated administration.\[[@ref31]\] It was also shown that the antinociceptive effect of morphine was reduced in TQ- and NS oil-pretreated mice\[[@ref31]\]

The antioxidant effects of NS and its main component TQ have been well documented in several experimental models. It has been shown that NS extract and TQ attenuated oxidative stress and neuropathy in diabetic rats.\[[@ref44]\] The oxidative stress has also been considered as a cause or a consequence of addiction.\[[@ref45][@ref46]\] Therefore, it might be suggested that the beneficial effect of NS that was seen in the present study might in part be due to this mechanism. Hosseinzadeh *et al*. have also shown that NS and TQ prevented lipid peroxidation increment in hippocampal proteins following global cerebral ischemia--reperfusion injury model in rats.\[[@ref30]\] Antiepileptic effect of NS and its ability to inhibit excessive reactive oxygen species (ROS) formation in pentylenetetrazole-induced seizures has been reported.\[[@ref47]\] Neuroprotective effects of NS in an experimental model of spinal cord injury in rats have also been attributed to its antioxidant capability.\[[@ref48]\] It has been demonstrated that some natural products with the antioxidant activity also have beneficial effects in morphine tolerance or dependence.\[[@ref49][@ref50]\]

It has also been reported that TQ or NS extract modulate the functions of cholinergic system.\[[@ref33][@ref34][@ref51]\] On the other hand, the contribution of this neurotransmitter system in the rewarding properties of morphine, tolerance to morphine, and morphine dependence has been well documented.\[[@ref52]--[@ref54]\] Therefore, the interaction of the components of NS to modulate the effect of morphine might be suggested.

It has been demonstrated that the inhibitory effects of NS oil on the development of morphine tolerance and dependence in mice were antagonized by co-administration of the precursor of NO, l-arginine, while they were enhanced by concurrent administration of the NOS inhibitors, l-NAME, amino guanidine, or 7-nitroindazole (7-NI).\[[@ref32]\] It has also been reported that the aqueous extract of NS seeds inhibits NO production\[[@ref24]\] and that TQ suppresses NO production and inducible NOS expression\[[@ref23]\] in lipopolysaccharide-stimulated rat peritoneal macrophages. On the other hand, it has also been suggested that NO may be implicated in the action of opioids; for instance, it has been demonstrated that inhibitors of NOS can prevent morphine tolerance\[[@ref55]\] and attenuate development and expression of the abstinence syndrome.\[[@ref56]\] Sahraei *et al*. showed that both acute and chronic administration of l-arginine reduced and l-NAME increased morphine self-administration. They concluded that NO may have a role in morphine self-administration.\[[@ref57]\]

The mediating role of glutamate and its receptors in the effects of NS in the nervous system, including its effects on morphine tolerance have also been reported. It was shown that the attenuating effects of NS oil on the development of morphine tolerance and dependence in mice were enhanced by co-administration of MK-801.\[[@ref32]\] On the other hand, the role of glutamatergic system in the rewarding properties of morphine and the complications of using morphine, including tolerance and addiction have been well documented.\[[@ref58][@ref59]\] Therefore, the interaction of NS and glutamatergic system may also be considered as another possible mechanism for the results of the present study. However, each of the mentioned mechanisms needs to be investigated further.

CONCLUSION {#sec1-5}
==========

The results of the present study showed that the hydro-alcoholic extract of NS has no effect on acquisition but significantly reduced the expression of morphine-induced CPP. In addition, this study indicated that similar to morphine, NS can induce place preference in rats.
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